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Background: Currently, there is no consensus on the efficacy and resistance of de novo combination therapy
versus monotherapy for treatment naive patients of chronic hepatitis B (CHB).
Objectives: The aim of this study was to evaluate the effectiveness and resistance of de novo combination of
lamivudine (LAM) and adefovir dipivoxil (ADV) compared with entecavir (ETV) monotherapy for nucleos(t)ide–naive
patients with CHB.
Study design: Publications on the effectiveness and resistance of LAM plus ADV versus ETV monotherapy for
nucleos(t)ide-naive patients with CHB were identified by a search of PubMed, Embase, the Cochrane Library, Web
of science, OVID, and CBM (Chinese Biological Medical Literature) until May 1, 2013. Biochemical response, hepatitis
B e antigen seroconversion, and viroligic response were extracted and combined to obtain an integrated result.
Viral resistance and safety were reviewed.
Results: Five eligible studies (328 patients in total) were included in the analysis. LAM plus ADV combination
therapy produced more rapid HBV DNA reduction rate at 12 weeks than that of ETV monotherapy. At 48 weeks,
the combination group had superior viroligic response rates compared with ETV group (90.0% vs. 78.9%, P=0.01).
The difference in the ALT normalization and HBeAg seroconversion rates was not found. At week 96, LAM + ADV
was more effective than ETV in ALT normalization [RR = 1. 11, 95% CI (1.02, 1.21), P =0.01] and HBeAg seroconversion
[RR = 2.00, 95% CI (1.26, 3.18, P=0.003)], and no significant difference was found in the virologic response (P =0.23).
No viral resistance occurred in combination therapy and six patients in ETV group were experienced with viral
breakthrough. Both groups were well tolerated.
Conclusion: The de novo LAM plus ADV combination therapy for treatment-naïve patients with CHB was greater
than ETV monotherapy in both biochemical response and HBeAg seroconversion rate up to 96 weeks. The rate of
emergence of viral resistance in the combination group was less than that in the ETV monotherapy.
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Nucleos(t)ide analogs(NAS)have become the mainstay of
CHB treatment mainly due to their profound viral sup-
pressive effects, the convenience of single daily dosing
and relative lack of significant side effects. A major
shortcoming of NAS is the high rate of virologic relapse
when treatment is discontinued [1]. Therefore, treatment
must often be administered long-term. Unfortunately,
prolonged therapy is associated with the development of
drug resistance [2]. Available clinical data has shown
that the emergence of drug-resistant can not only com-
promise the initial clinical benefits, but also lead to
hepatitis flares, hepatic decompensation and even death
[3,4]. Thus, the prudent selection of appropriate agents
for the initial treatment of CHB patients to achieve an
efficacy, while simultaneously avoiding the emergence of
resistance, is a vital clinical concern.
Currently, there are five NAS that have been approved to
treat CHB. LAM was the first one to be approved by the
United States Food and Drug Administration and has a
well-established safety and efficacy profile. However, it has
a high incidence of drug-resistance increasing from 24% in
1 year to approximately 70% in 5 years [5,6]. ADV has an
efficacy comparable to that of LAM, but with a low drug
resistance rate, and no cross resistance with other nucleo-
side analogues. Telbivudine (LDT) has a potent efficacy
and a relatively high seroconversion rate. ETV, known for
its potent antiviral effects, has a high genetic barrier to re-
sistance, as more than three sites are required for drug re-
sistance to develop [7]. ETV also has been recommended
as a first-line therapy agent for the naive patients with
CHB in the updated Asian-Pacific consensus statement on
the management of CHB [8]. However, the rates of HBeAg
loss and seroconversion are very low with ETV [9,10].
Tenofovir disoproxil fumarate (TDF) is also been recom-
mended as the first-line therapy agent. However, in some
countries, it is not yet widely available or used. LAM was
selected for study due to the abundant clinical experience
and lowest cost. Evidence-based medicine identified that
combination therapy could reduce drug-associated resist-
ance to ensure long-term therapy [11], especially, for LAM
resistant and liver transplanted patients [12,13]. Results of
available studies have demonstrated that add-on ADV for
LAM-resistant patients enhances the viroligical and bio-
chemical responses [14], and the combination of ADV and
LAM results in more effective in viral suppression and less
risk of developing genotypic resistance, compared with
ADV monotherapy [15,16]. Unfortunately, a substantial
proportion of patients treated with LAM-plus-ADV
combination therapy show a suboptimal virologic re-
sponse, and some even develop multidrug resistance
[17-19]. On the other hand, some studies reported that
not only did the de novo LAM plus ADV combination re-
duce HBV-DNA detectability, enhance ALT normalizationand HBeAg seroconversion, but no cases of genotypic re-
sistance had occurred [20]. Therefore, LAM and ADV
were selected for study of de novo combination treatment.
The purpose of the study described here was to systemat-
ically review and meta-analyze all published studies de-
signed to treat CHB naive patients with LAM plus ADV
therapy and compare it with ETV monotherapy in terms
of efficacy and viral resistance.
Methods
Literature search
We searched the following databases: PubMed, Embase,
Web of Science, The Cochrane Library, OVID, and CBM
(Chinese Biological Medical Literature) until May 1, 2013.
Of these databases, CBM database provides literature in
Chinese. The search process was designed to find all stu-
dies involving terms: “chronic Hepatitis B”, “entecavir”,
“adefovir dipivoxil”, “lamivudine” (and multiple synonyms
for each term). Reference lists from retrieved documents
were also searched. Computer searches were supple-
mented with manual search. Two authors (Fen Liu and
Xiwei Wang) independently screened all citations and ab-
stracts to identify potentially eligible studies. Discrepancies
were resolved with the assistance of an arbiter (Peng Hu)
when necessary.
Inclusion and exclusion criteria
The following inclusion criteria were included: (1) ran-
domized controls, prospective case-controls, cohort study
designs. (2) HBsAg positive for at least 6 months prior to
enrollment regardless of hepatitis B e antigen (HBeAg) sta-
tus. (3) All patients had never received antiviral treatment
previously. (4) Intervention: studies directly comparing
LAM 100 mg/d plus ADV 10 mg/d and ETV 0.5 mg/d,
with a duration more than or equal to 24 weeks. (5) All
patients had to have excellent compliance in taking the
antiviral agents. Our search was limited to human studies
and the following exclusion criteria were used: (1) non-
comparative study; retrospective study, observational
study. (2) Insufficient analytical information regarding
treatment schedule, follow-up. (3) Patients co-infected
with hepatitis A, C, D and E virus, who had decom-
pensated liver disease, hepatocellular carcinoma (HCC).
(4) Prior liver transplantation and concomitant renal failure.
Efficacy measures
The rates of biochemical response, virologic response, and
HBeAg seroconversion were used as primary efficacy mea-
sures. Emergence of viral resistance and the safety profiles
were used as secondary efficacy measures. Biochemical re-
sponse was defined as normalization of ALT levels. Viro-
logic response was defined as attainment of undetectable
levels of HBV DNA (<1 × 103 copies/mL). HBeAg serocon-
version was defined as HBeAg disappearance and HBeAg
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increase in serum HBV DNA by 1 log10 copies /mL above
a nadir on two or more consecutive occasions at least
1 month apart. LAM-, ADV-, ETV-associated mutations
were detected by directing sequencing for patients with
viral breakthrough. The safety was assessed by compiling
adverse events including renal dysfunction, decompensa-
tion of cirrhosis and HCC.
Data extraction
Two investigators independently screened abstracts, se-
lected the studies and performed the data extraction.
The conflict in data extraction was resolved by discus-
sion among investigators and reference to the original
articles. When several publications pertaining to a single
study were identified, the most recent and complete
publication was used to prevent duplication of data.
Quality assessment
Quality of included study was assessed based on following
criteria: (1) For RCT: methodological quality was assessed
using the Jadad quality scale. We examined the allocation
sequence generation, allocation concealment, application
of blinding method, and dropouts and withdrawals. (2)
For cohorts, the quality of studies was assessed by the
Newcastle-Ottawa Scale (NOS) based on the following in-
dicators: selection of cohorts, comparability of cohorts
and assessment of the outcomes. Discrepancies were re-
solved with the assistance of an arbiter (Peng Hu) when
necessary.
Study quality
One study was an RCT and stated the method of
randomization, withdrawal and allocation concealment,
but did not describe the blinding. Accordingly, it received
a Jadad score of 4. The other reports were on cohort stud-
ies with defined inclusion and exclusion criteria and defi-
nitions of the treatment responses. All study populations
had comparable baseline characteristics between the
LAM+ADV and ETV groups. However, one study did
not follow up long enough for outcomes to occur, so it re-
ceived a score of 8. The others had scores of 9. Discrepan-
cies were resolved with the assistance of an arbiter (Peng
Hu) when necessary.
Statistical analysis
Data analysis was carried out with the use of Review
Manager Software 5.0 (Cochrane Collaboration, Oxford,
United Kingdom). Outcomes were analyzed on an
intent-to-treat basis. For each eligible study, dichotom-
ous data were presented as relative risk (RR) with 95%
confidence intervals (CI). Statistical heterogeneity was
evaluated by the chi-square and I-square (I2) tests, with
significance set at P < 0.10. In the absence of statisticallysignificant heterogeneity, the fixed-effect method was
used to combine the results. When heterogeneity was
confirmed, the random-effect method was used. Add-
itionally, sensitivity analysis was carried out if low quality
studies were included. The overall effect was tested
using z scores, with significance set at P < 0.05.
Results
We initially identified 1753 potentially eligible citations.
1739 redundant publications, reviews, and meta-analysis
were excluded. After referring to full text, seven studies
did not satisfy the inclusion criteria and were removed
from consideration. Two studies were presented in ab-
stract form. One was found with the full-text which had
been included in the study, and the other was excluded
because of a lack of sufficient statistical data. The
remaining five studies [21-25] contained 328 patients in
total, of whom 161 were included in the LAM plus ADV
combination group, and 167 were included in the ETV
group (Figure 1). Of the five studies, two were published
in English, and the others were published in Chinese. All
studied populations had comparable baseline character-
istics between the two groups. Detailed information was
summarized in Table 1.
Virologic response
Four studies [21,22,24,25] reported virologic response rates
after 12, 24, and 48 weeks. According to chi- and I square
(I2), heterogeneity revealed no significant differences be-
tween treatment groups. The fixed-effect approach was
used to estimate of the relative risk of LAM+ADV versus
ETV monotherapy. The results showed that the virologic
response rates were obviously higher in the combination
group than that of ETV monotherapy (53.6%, 72.1%, 90.0%
vs. 47.6%, 64.8%, 78.9% at 12, 24, and 48 weeks, respect-
ively). No significant heterogeneity was found at virologic
response between two groups at 12, and 24 weeks (P =0.51,
P =0.29). However, at week 48, the differences in virologic
response rates were statistically significant [RR = 1. 14, 95%
CI (1.03, 1.26), P =0.01] (Figure 2, Table 2).
Only three studies [22,24,25] reported virologic responses
at 96 weeks. Chi- and I square (I2) analyses identified sig-
nificant heterogeneity in virologic responses between
the two groups [Tau2 = 002, Chi2 = 11.34, df = 2 (P =
0.003), I2 = 82%]. Therefore, a random-effect approach
was used which indicated that the virologic response
was higher in the combination therapy group than that
in the ETV monotherapy group (96.2% vs. 82.8%). How-
ever, no significant differences were found [RR = 1. 93,
95%, CI (0.93, 1.38), P =0.23] (Figure 3).
Biochemical responses
Four studies [21,23,25] showed the biochemical response
rates at weeks 12, and 24. Chi-and I square (I2) analyses
Figure 1 Results of literature search.
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groups [Chi2 = 2.75, df = 3 (P = 0.43); I2 = 0%]; [Chi2 = 4.75,
df = 3(P = 0.19; I2 = 37%)]. The fixed-effect approach was
used. Another four studies [21,22,24,25] provided the rates
of ALT normalization at 48 weeks treatment. Heterogeneity
was found between these studies [Tau2 = 0.01, Chi2 = 9.31,
df = 3, (P = 0.03), I2 = 68%]. Thus, a random-effects model
was used. There were no statistical significant differences
between groups in terms of the ALT normalization rates at
12, 24, and 48 weeks after treatment ( P =0.61, P =0.54 ,
P =0.21, respectively), although the proportion in the com-
bination group was lower than that of in the ETV mono-
therapy group after 12, 24 weeks post treatment (36.3% vs.
38.2%, and 67.6% vs. 71.8%, respectively), and was higher
than that obtained in the monotherapy group at 48 weeks
(91.4% vs. 81.6%) (Figure 4, Table 3).
There were three studies [22,24,25] that reported the
ALT normalization rates at 96 weeks. Chi- and I square (I2)
analyses showed no heterogeneity [Chi2 = 3.51, df = 2, (P =
0.17), I2 = 43%]; a summary estimate of the relative risk
using a fixed-effect approach was performed. The results
showed that the ALT normalization rate in the combin-
ation group was superior to ETV group (96.3% vs.
86.7%). The difference between the two groups was stat-
istical significant difference [RR = 1. 11, 95% CI (1.02,
1.21), P =0.01] (Figure 5).HBeAg seroconversion
Three studies [22,24,25] provided the data regarding
HBeAg seroconversion after 48 and 96 weeks of treatment.
Chi- and I square (I2) analyses showed no heterogeneity. A
fixed-effect analysis showed that the HBeAg seroconversion
rate in the LAM+ADV group was distinctly higher than
that of in ETV group at both 48 and 96 weeks (20.9% vs.
11.8%, 42.9% vs. 21.5%, respectively). The difference was
not statistically significant at week 48 (RR = 1. 79, 95% CI
(0.90, 3.54), P =0.10. However, with prolonged duration up
to 96 weeks, the difference became statistically significant
[RR = 2.00, 95% CI (1.26, 3.18), P =0.003] (Figure 6).
Viral breakthrough
No viral breakthrough was reported in the combin-
ation group. However, six patients experienced viral
breakthrough in ETV group. Four patients reported in
the study by Yu et al. [22] had viral breakthrough.
Three had genetic mutations conferring to ETV (two
had rtL180M, T184L and M204I mutations; one had
rtL180M and M204V LAM-resistance mutations). Fur-
ther testing on the four patients disclosed that two pa-
tients had LAM genotypic resistance mutations
(rtL180M and M204V) at the beginning of treatment.
Another two patients developed viral breakthrough as
mentioned in the Zhang et al. [24] study. One patient
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Figure 2 Effect of LAM + ADV vs. ETV on virologic response.
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M204V), and the other had S202G/I and M204V
mutations.
Safety
Wang et al. [21] reported that in the combination group,
one patient’s the blood urea nitrogen (BUN) increased to
7.87 mol/L at week 24 without a concomitant increase
in serum creatinine (Scr). Yu et al. [22] reported one pa-
tient in the ETV monotherapy group had Scr elevated to
48 mol/L. The abnormal values were remained within








Test of hetergeneity Analysis mode
I2 P
12 4 0% 0.72 Fixed effect mod
24 4 0% 0.83 Fixed effect mod
48 4 0% 0.63 Fixed effect mod
96 3 82% 0.003 Randomed effect mreceiving any additional treatment or adjustment of dos-
age. No serious events were reported in either group.
Discussion
Currently, all NAS approved to treat CHB have inhibi-
tory effects on the HBV polymerase/reverse transcript-
ase, which has poor proofreading and editing ability,
resulting in error-prone replication [26]. Additionally,
the high replication rate of HBV, continued existence of the
replication template covalently closed circular (cccDNA)
and complexity of quasispecies [27,28] increase the like-
lihood of the development of drug resistance, especiallyl Results RR (95% CI) P-value
LAM + ADV (n/N) ETV (n/N)
el 75/140 70/147 1.08[0.87,1.34] 0.51
el 101/140 94/145 1.09[0.93,1.26] 0.29
el 126/140 116/147 1.14[1.03,1.26] 0.01
odel 102/106 87/105 1.13[0.93,1.38] 0.23
Figure 3 Effect of LAM + ADV vs. ETV at 96 weeks on virologic response.
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resistance occurs, rescue therapy was been initiated. But,
rescue therapy can promote the development of multidrug
mutations [19]. Therefore, identification of novel treatment
targets remains a major clinical challenge to improve the ef-
ficacy of antiviral therapy and prevent drug-resistance.Figure 4 Effect of LAM + ADV vs. ETV on biochemical response.It has been demonstrated that the main mutations asso-
ciated with LAM-resistance are rtM204I and/or rtL180M,
and these do not confer resistance to ADV [29,30]. The
mutations associated with resistance ADV are mainly
rtA181V and/or rtN236T [31]. Recently, it has been re-
ported that a single amino acid change at position rt181





Test of hetergeneity Analysis model Results RR (95% CI) P-value
I2 P LAM+ ADV (n/N) ETV (n/N)
12 4 0% 0.43 Fixed effect model 37/102 42/110 0.91[0.65,1.29] 0.61
24 4 37% 0.19 Fixed effect model 69/102 79/110 0.83[0.47,1.49] 0.54
48 4 68% 0.03 Randomed effect model 128/140 120/147 1.09[0.95,1.25] 0.21
96 3 43% 0.17 Fixed effect model 104/108 91/105 1.11[1.02,1.21] 0.01
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ever, this phenomenon has not been widely observed in
clinical practice. The lack of cross-resistance has provided
a rationale for the combination of LAM and ADV therapy,
which may be the main reason why viral breakthough in
the combination group was not observed in the study. In
contrast, six patients in ETV monotherapy developed viral
breakthrough and five patients had documented ETV–
resistant mutations. Two cases had LAM-resistant mu-
tations before onset of therapy (rtM204I/V ± rtL180M).
Previous studies have confirmed that the presence of
rtM204I/V and rtl180 M can reduce the genetic resistance
barrier to ETV [33,34]. Therefore, pretreatment resistance
testing may be useful in detecting viral mutations. If ETV-
resistance mutations are present, LAM+ADV combi-
nation therapy may be a better choice than ETV in terms
of avoiding drug resistence.
The study by Zhang et al. [24] included patients with
higher baseline HBV DNA level (HBV DNA load >107
copies/mL) than that in the current study. They found
that the HBV DNA load decreased to less than 103 cop-
ies/mL in 2.9% in the combination group compared with
14.3% in monotherapy group at 12 weeks (P < 0.05). Yu
et al. [22] also reported that the rate of patients who had
HBV DNA load declines to less than 1 copy/ml in was
lower in combination group than that in the mono-
therapy group at 12 weeks (3.7% vs. 18.0%, P = 0.018). In
another study, Jayakumar et al. [23] found that the median
decrease in HBV DNA levels in a combination group were
92.73% and 99.57% at 12 and 24 weeks of therapy,Figure 5 Effect of LAM + ADV vs. ETV at 48 weeks on biochemical resrespectively (considering the baseline HBV DNA levels to
be 100%). However, in an ETV group, the median decrease
was 99.74% and 100%, respectively, in the same follow-up
periods. The differences were highly significant at both 12
(P =0.0007) and 24 (P = 0.0115) weeks between the two
groups. Furthermore, the results of the analysis prove that
LAM plus ADV combination therapy produced more
rapid and significant reduction in HBV DNA levels at
12 weeks of therapy, compared with ETV monotherapy,
even though there was no significant difference observed
at 96 weeks post-treatment. Unfortunately, the raw data
were presented in the included studies as percentage of pa-
tients with undetectable HBV DNA instead of a decline in
level of HBV DNA. Therefore a statistical analysis was not
performed.
One potential benefit of rapid suppression of HBV
replication is to reduce the risk of drug resistance. It has
been shown that the subsequent chance of LAM resis-
tance is directly proportional to the HBV DNA levels
after 24 weeks of treatment [35]. A study of LDT versus
ADV showed that suppression of HBV DNA levels at
24 weeks correlated with efficacy outcomes and viral
breakthrough at 1 year [36]. Longer-term studies with
ETV have reported that most patients achieve HBV
DNA suppression within the first 24 weeks of treatment,
and suppression is maintained for up to 4 years [37]
with minimal drug resistance [38]. Thus, the de novo
combination LAM and ADV were expected to achieve a
better outcome than that in ETV monotherapy in terms
of multidrug resistance.ponse.
Figure 6 Effect of LAM + ADV vs. ETV on HBeAg seroconversion.
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group had significantly higher rate of HBeAg serocon-
version and ALT normalization compared with the ETV
group up to 96 weeks. The high rate of HBeAg serocon-
version may be related to the rapid reduction of HBV
DNA load at week 12 as mentioned above. Other studies
have verified that an early reduction of HBV DNA is as-
sociated with an increased likelihood of HBeAg serocon-
version [39]. He et al. [40] reported that at 24 weeks, the
rates of HBV DNA negativity in the LAM and ADV
combination group were higher than that in the LAM or
ADV monotherapy group. At week 96, the percentages
of patients with undetectable DNA and HBe seroconver-
sion in the combination group (100%, and 51%, respec-
tively) were superior to LAM (66%, 21%, respectively) or
ADV alone groups (49%, 33%, respectively). Ghany et al.
[3] also found that combination therapy with LAM and
ADV was associated with a high rate of virological and
biochemical response both at week 48 (59% vs. 26%,
P = 0.06). At week 192, 76% of the combination vs.
36% of the monotherapy groups had loss of HBeAg
(P = 0.03). The current treatment guidelines recom-
mend that antiviral therapy be stopped for HBeAg-
positive CHB patients (except those with cirrhosis)when either HBeAg is undetectable or when HBeAg
seroconversion has taken place, and when HBV DNA
is undetectable for an additional 6-12 months after
continuous therapy [8]. HBeAg loss or seroconversion
may reduce the risk of developing HCC or progressive
liver diseases [41] in HBeAg-positive CHB patients.
This suggests that superiority of combination of LAM
and ADV over ETV alone in term of HBeAg serocon-
version may provide potential benefits in patients with
HBeAg-positive CHB.
The potential for an increased risk of toxicity must al-
ways be noted when instituting combination LAM and
ADV. In this meta-analysis, either combination group or
ETV alone was well tolerated. Only one patient presented
with an elevated BUN in the combination group. The
levels were monitored closely and remained within normal
limits during the treatment period. With prolonged dura-
tions of the combination treatment, not only effects, but
also costs should be evaluated. Wu et al. [42] observed
that the initiation of rescue therapies for LAM-resistant
CHB with adding ADV is likely to be more cost-effective
than ADV, ETV, TDF monotherapy. In the current study,
a cost-effectiveness analysis was not done because costs of
medications were not included.
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some studies were not RCTs. Publication bias was also
possible. Compared to positive studies, negative studies
may be less likely to be published and more likely to take
longer to be published. This could have affected the val-
idity of the meta-analysis in this review [43]. In addition,
many studies were conducted in China resulting in re-
gional and language bias. Finally, there were only a few
studies and the sample size was small.
In conclusion, de novo combination of LAM and ADV
therapy for naïve treated patients was not superior to the
ETV monotherapy in short duration; however, the com-
bination therapy had higher biochemical response and
HBeAg seroconversion rates compared with monotherapy
when the therapy duration was prolonged up to 96 weeks.
The rate of emergence of viral resistance in combination
group was less than that in the ETV group. However,
given the limited number of studies included in the
analysis, caution should be exercised in extrapolation of
the conclusion to all patients infected with CHB. More
high-quality, well-designed, randomized controlled,
multicenter studies are clearly needed to confirm
these observations.
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